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INIT

REM-TEMFERATURE IN DEGREES C.

DATA O

REM=- NUMBER OF DATA FOINTS.

DATA 20

DATA 0.52510+0.8291590.74+,2050.:82:25+0.9+30

DATA 193321:123991.,394091.:6354592.23+5093.1+155+4.2+60
DATA 6.5165910.2y70917975929:80729980+29+s80+29+580,29+80
DATA 0.55+1090.6591590.789205,0.85+s25+s0.92+30

DATA 193391.0693591.23+4091.454591.75550+s2.3599593.1+60
DATA 4.198596+70+92.8975917980+26985+44,20,86+95,170,100
DATA 0.58591090.69591550.82205s0.875:2550.94,30

DATA 1»3351.0593591.17594091.32,4591.58950+255592.5960
DATA 3.29+6594.:597097.3975912,80918.5985+29+,90+60+,955140,5100
DATA 0.6191090.7291590.82920,0.89925+,0.95,30

DATA 193391.0453591.15+94091.27545+1.47550+1.85,55+2.3+60
DATA 396594970964, 4975510980916985923990+40,95,512465100
RESTORE 50020

READ T

FAGE

FRINT *ENTER OFERATOR-IATE~-TIME- *;

INFUT Z$%

FAGE

MOVE 15,9S

FRINT Z$

WINIOW -1,3505,100

VIEWPORT 105129,155100

AXIS 1+105-150

MOVE -1,99

FRINT *HHH100"

MOVE -1,89

FRINT *HH9O®"

MOVE -1,79

FRINT *HH80®*

MOVE -1,6%

FRINT *HH?0°*

MOVE -1,59

FRINT °"HH&0®

MOVE -1,49

FPRINT *HHSO®*

MOVE -1,39

FRINT °*HH40*

MOVE -1,29

PRINT *HH30*

MOVE -1,19

FRINT '4H20°*

MOVE -1,9

PRINT *HH10"

MOVE -1,0

FRINT *HO®

MOVE -1,100

Figure 6-6. Program Listing for Humidity Curve-Fitting Aid (Page 1 of 3)
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50310
50520
30330
50540
30850
30360
303870
30880
30890
30600
30610
50620
30630
30640
50630
50660
30670
50680
304690
50700
30710
30720
30730
50740
50750
30760
30770
30780
50790
50800
50810
30820
20830
20840
508350
30860
50870
50880
50890
50900
50910
30920
50930
50940
50950
50960
50970
50980
50990
51000
51010

FRINT *HHEHEHJJIISIXHY HORBJEHJLHIAHITHIIHIVHIE

MOVE -1,50

FRINT *HHHHHJ HJHHJUHJMHJIHJDHJIHJTHJY®

MOVE -1,0
PRINT *JH.1°
MOVE 0+0
PRINT *J1°*
MOVE 1,0
FRINT *JH10*
MOVE 2,0

FRINT *JHH100°

MOVE 3,0

PRINT *JHHHB1000°®

MOVE -1,0
PRINT "JJJ

MOVE LGT(1),33

PRINT @41:°
FRINT @41:
FRINT @41:"
FRINT @41:
FRINT @41:"
R=0.45
GOSUE 51140
H=33-H?
X=LGT(R)
MOVE X,H
FOR N9=0 TO
R=Rx%1.1

IF K<l THEN
GOSUE 51200
GO TO S0850
GOSUR S1160
H=33-H?

GO TO 50860
H=33+H?
FRINT @41:"

ol T

‘s "CALCULATED HUMIDITIES FOR TEMF=";3T

"+ "RATIO" s "Z%RH"

1000

*SRyH

IF H>103 THEN 30920

X=LGBT(R)
ODRAW XsH
NEXT N9

RESTORE S0040

READ D

IF T=25 THEN 51010

GO TO T/40+2 OF

LIST S50930,50940

STOP

RESTORE 50050

GO TO 51050

RESTORE 50080

GO TO 91080

RESTORE 50110

Figure 6-6. Program Listing for Humidity Curve-Fitting Aid (Page 2 of 3)

HUMIDITY ELEMENT RESISTANCE RATIO®

50970+50990+,51030
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51020
31030
31040
51080
51060
51070
51080
31090
31100
91110
91120
51130
51140
51180
51160
91170
51180
51190
51200
51210
51220
31230
51240
51230

51260

GO TO 51050
RESTORE S0140
GO TO 51080
FOR I=1 TO D
READ R1sH1
L=LGT(R1)
MOVE LsH1
DRAW LrHI1
NEXT I

ERINT *T="#T7* DEGREES C.°

LIST @41:S51160951260
FRINT @41

FRINT @41 *,Z%

END

REM- ENTRY FOINT FOR
E=20

R?=1/R

GO TO 31230

REM- ENTRY FOINT FOR
E=18

R?=R

A=0,02%XT+3.2

0=0.9-(0,001425XT+0.,23) XKLGT(LGT(R?)>+1)"0,

H?=AXLOG(RY"R)"D
RETURN

R<1.

R=}10

333

33

3333333

Figure 6-6. Program Listing for Humidity Curve-Fitting Aid (Page 3 of 3)
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points for the humidity element. To use the curve fitting program, enter
the desired temperature in data statement 50020, and adjust the equation
as desired in subroutine 51160.

6.5 SYNCHRONQUS DECOMMUTATION
The Breadboard Dropsonde-MRS Analyzer currently receives its

input data from a breadboard decommutator that produces a cycle sampling
sequence of four strobe pulses each time a reference sample appears.
Experience in processing noisy data from soundings (both drop and MRS) has
shown that noise can cause faulty decommutation of the data.

Various means of improving the breadboard's performance with
noisy signals have been investigated and found helpful. They include
pass-band filtering, signal conditioning based on slope-level triggering
and selection of low pass, high pass and .riggering values based on each
drop's observed signal and noise characteristic. Although these pre-
cautions provide marked improvement in the decommutator's operation, they
lengthen considerably the time required to analyze data from a sounding.
In addition, even with these precautions and a fairly noise-free signal,
occasional cycle decommutation failures still occur.

The decommutation failures, when observed with multi-channel
oscilloscope, appeared to be associated with a "noise-spike" that occurred
during the reference cycle and caused double appearance and/or jittering
of the reference strobes. The reference strobe malfunctions were also
frequently accompanied by loss of temperature sample.

This radical behavior of the decommutator thus appears to be
caused by a noise spike in a single reference sample and could probably
be improved dramatically by generating the sample strobes from a fly-
wheel oscillator. Such a synchronous decommutator is expected to maintain
synchronization with the signal even if the signal is interrupted from several

cycles.




A preliminary investigation has suggested a number of useful

techniques for implementing a fly-wheel oscillator for synchronous decom-
mutation. Among them are TV type of raster scanning oscillators, phase-
locked loop, bias-controlled RC oscillators, digitized oscillators, sync-
gated oscillators and S/N-adaptive integration interval.

6.6 OPERATIONAL QUTPUT
Experience gained during the contract has provided some insight

into output characteristics that would be effective in the operational
environment.

First, it is important that a real-time output provide a
basis for evaluating the sounding. If a sounding is giving ncnvalid results,
it is important that it be known soon so that a new sounding can be started.
This could be accomplished by occasional display of temperature, humidity
and pressure during sounding.

Second, it is important that the sounding provide a near real-
time indication of the refraction layers that are present. This could be
done by indicating the deficit, thickness and altitude for each layer
considered in excess of marginal exploitability. If this display shows a
significant departure from expected conditions, the sounding crew can
take immediate appropriate action with respect to forwarding the informa-
tion to the platform commander, to E/WEPS, etc. Printout of this infor-
mation is desirable to expedite forwarding and utilization of the information.

Third, it is important that a post-sounding refractivity profile
be transferred into E/WEPS as soon as possible. An electrical transfer
between 1/0 ports of the recorder-analyzer and E/WEPS using ASCII is con-
templated, based on preliminary agreement with E/WEPS development staff
at Navy Ocean Systems Center (NOSC).
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Fourth, fifth and sixth; the sounding results are needed
by the local Navy Meteorological Unit (NMU) for updating its weather
information, by FNWC for inclusion in its predictions and data dis-
semination services and by archives for research and development

activities. Ballistic winds can also be calculated when the wind option is in- _
cluded. The Navy Environmental Display Station appears to be the most Tlogical
means of passing the sounding results to these three users. An ASCII transfer to
NEDS of significant and mandatory levels of temperature, pressure and dew point
depression in WMO format appears the best way of accomnlishing these three out-
puts, since NEDS has the communication facilities for all three users.

6.7 ANALYSIS ALGORITHM IMPROVEMENTS

6.7.1 Smoothing of Calculated M-Unit Values
An adaptation of significant values selection is seen as a

good means of representing the M-units profile in a noise-smoothed manner.
It is believed that the noise excursions can be smoothed to obtain a
virtually zero false alarm rate since the "minimum exploitable duct"

has been defined as having fairly large dimensions. Thus the refractive
layers selector can look for fairly large effects that are not likely

to be masked by noise. Such a refractive layer selector could be
adapted for operation with all of the outputs described in paragraph

6.6.

(T Classification of Refractivity Gradients

Some research into this classification activity is needed.
It is not clear who needs this information, or why. There is a great

deal of latitude on interpretation of how the classification should be
performed, but these classifications, by themselves, don't appear very
useful. If the classification processing can be eliminated, it would
result in a significant simplification of the analyzer.
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(Serf i Pressure-Based Analysis

The introduction of CAPS provides an essentially continuous
record of atmospheric measurements which suggests that pressure or some
function of pressure, instead of time, might be used as the "measuring
stick" during analysis. For example, data smoothing and reduction might
be accomplished by two analyses instead of three: temperature vs.
pressure and humidity vs. pressure instead of temperature vs. time and
pressure vs. time and humidity vs. time. Elimination of time would also
reduce the volume of data to be stored.

6.7:4 Humidity Calculations Improvement

Improved humidity elements are expected to become available
in the near future. They are expected to have more accuracy and repeat-
ability and less hysteresis than the present elements. Also, improved
data for the present elements is expected soon. It is believed the
new data will provide a better fit to the element's actual performance.
It is expected that the humidity equation’s coefficients can be adjusted,
if appropriate, to give a good fit of the new data.

6.7.5 Improvement of eg Calculation

It is believed, based on short investigation, that the calcu-
lation of saturated water vapor pressure, egs could be simplified con-
siderably while still preserving accuracy through about 4 digits.

6.7.6 Calculation of CAPS-Measured Pressure

The CAPS pressure equation was produced using classical curve
fitting techniques of general utility. Curve-fitting experience has
shown that a customized approach for a specific type of device usually
provides a simpler expression which can be calculated more rapidly in
a computer. It is expected that the pressure equation could be simplified
significantly by a customized curve fitting approach.
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6.8 SPECIAL TQPICS

6.8.1 Humidity Accuracy Effects

Humidity plays a large role in determining refractivity of
the air. However, humidity is the parameter that is measured with least
accuracy. Improvements in humidity accuracy are expected to make signif-
icant improvements in the ability to analyze refractivity effects. Because
the humidity elements' output can legitimately change very rapidly, it is
more difficult to discriminate against noise than it is with other sensors.
Investigation of actual sounding data has shown that special measures
must be taken in the case of humidity elements. Rate discrimination has
been applied in addition to value discrimination. Further improvement
is probably possible and may be desirable.

6.8.2 Surface Measurements

In the case of a refractivity layer near the surface, it is
not possible to know whether the Tayer’s effect extends to the surface
unless the surface values and some intermediate values are known.

Thus the measurement of surface values takes on a special value. It

is particularly difficult in the case of a dropsonde to know if the end

of the received data is actually the time of splash. If there are several
seconds missed, an important refractivity layer could be missed as well.

But the problem is not limited to dropsondes. If a balloon-
sonde is launched from a distance of 40 to 60 feet above water, it will
also be difficult to determine whether or not a near-surface effect
actually extends down to the surface.

6.8.3 Wet Sensors

Wetting of sensors by rain or fine droplets can cause a
problem since errors in temperature and humidity measurement can occur.
Some attention has been given to this subject and more understanding
is needed.
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7. CONCLUSIONS AND RECOMMENDATIONS

Use of the analyzer for processing of sounding data and for evalua-
tion of operational equipment has identified a number of problems. In general,
the analysis-associated problems fall into two major categories, being caused
by noise or processing load, as discussed in Sections 7.1 and 7.2.

Some problems not affected by analysis, but meriting attention,
are identified in Section 7.3.

2.1 ANALYSIS TECHNIQUES FOR NOISE-EFFECTS REDUCTION
A number of noise effects have been observed, including loss of

decommutator synchronization, period measurement errors, selection of noisy
period-ratios as "significant," degraded noise discrimination in gap processor
and small random-appearing variations in the output plots and reports.

Some of the possible solutions for these problems are attractive
because they promise effectiveness by improving performance substantially with
little cost. They are enumerated as recommendations in the paragraphs that
follow.

Taba) Noise-Rejection Filtering
Filtering is recommended for rejection of noise outside the pass-

bands occupied by the reference and data signals. To improve the marking of
cycles for period measurement and thus reap further benefits from filtering,
a symmetrical waveshape is recommended to reduce harmonic content and zero
cross-over detection is recommended to reduce extraneous cycle marks.
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y 8, Improvement of Decommutation Synchronization

An improved flywheel oscillator is recommended for driving the
decommutator, and improved triggering is recommended for maintaining oscillator
synchronization through short periods of signal interruption. Pattern correla-
tion with integration over a number of sample intervals is recommended for
trigger improvement.

713 Significant Ratios Noise Smoothing

Short-interval averaging, in the order of three to six points, is
recommended as a means of reducing the effects of noise in the selection of
significant ratios. Rejection of noisy (large deviation) samples before
averaging is recommended.

7.1.4 Gap-Processor Rate-Based Noise Discrimination

Rate-based noise discrimination is recommended for the gap processor
to permit restoration of signals that have potential for change in excess of
noise during a signal interruption.

7. 15 Interpolative Noise Reduction

Calculation of humidity by equation is recommended instead of by
table lookup with interpolation. The equation method of calculation virtually
eliminates errors caused by interpolation. These errors can have a noise-like
appearance in the analysis output.

2. 1.6 Adjustment of Report Resolution to Exploitation Threshold

Adjustment of sampling resolution in reporting is recommended to
achieve close correspondence to recently identified thresholds for exploitation
of refractive effects. This will increase the interval between reported
samples and cause a noise reduction relative to the refraction change in the
increased intervals, without compromising the ability to report exploitable
refractive effects.
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Y g ANALYSIS TECHNIQUES FOR PROCESSING-LOAD REDUCTION

The analyzer's processing time for a sounding is roughly an hour

or more, depending upon the drop length and number of "significant" period

' ratios selected for processing. The processing is slow because the programming i
language is BASIC and is interpreted "on the fly" by the Tektronix 4051 computer.

Although the processing is slow, it is very good for exploration of
processing simplifications because of its ease of reprogramming. The following
recommendations are directed toward making significant reductions in the
analyzer's processing time and identifying simplifications that can be incor-
porated in the operational equipment for reduction of its processing load.

.20 Sample Count Reduction
A reduction in the number of samples to be processed is recommended

for the reduction of processing load. For good effectiveness, the reduction
should be made early with 1ittle processing required and should be as great
as possible without compromising the detectability of exploitable refractive
effects or the accuracy needed for the normal weather analysis.

Linear regression applied to averaged values with trend change
detection is recommended as a candidate technique for development because of
its excellent smoothing characteristics. Further, its application in a
suitably transformed data space is recommended as a potential means of
achieving maximum sample count reduction without compromising the accuracy
and with possible identification of doubtful and missing data. The trans-
formed data space could be based on pressure as described in Section 6.7.3. t

In this method, the reduced samples would be determined by simultaneous

solution of the intersecting trend equations.




7.2 ANALYSIS TECHNIQUES FOR PROCESSING-LOAD REDUCTION
The analyzer's processing time for a sounding is roughly an hour

or more, depending upon the drop length and number of "significant" period

ratios selected for processing. The processing is slow because the programming
language is BASIC and is interpreted "on the fly" by the Tektronix 4051 computer.

Although the processing is slow, it is very good for exploration of
processing simplifications because of its ease of reprogramming. The following
recommendations are directed toward making significant reductions in the
analyzer's processing time and identifying simplifications that can be incor-
porated in the operational equipment for reduction of its processing load.

T2l Sample Count Reduction
A reduction in the number of samples to be processed is recommended

for the reduction of processing load. For good effectiveness, the reduction
should be made early with little processing required and should be as great
as possible without compromising the detectability of exploitable refractive
effects or the accuracy needed for the normal weather analysis.

Linear regression applied to averaged values with trend change
detection is recommended as a candidate technique for development because of
its excellent smoothing characteristics. Further, its application in a
suitably transformed data space is recommended as a potential means of
achieving maximum sample count reduction without compromising the accuracy
and with possible identification of doubtful and missing data. The trans-
formed data space could be based on pressure as described in Section 6.7.3.

In this method, the reduced samples would be determined by simultaneous

solution of the intersecting trend equations.
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7.2.2 Sample Processing-Time Reduction

Reduction of the sample processing-time by simplification of algorithms
is recommended as a further means of reducing the processing load. The following
algorithms are candidates for simplification:

(] Calculation of saturated water vapor pressure.
(] Calculation of pressure.

] Calculation of dew point depression.

. Calculation of layer thickness.

2.2.3 Storage of Values Having Multipie Application

Some values are calculated whenever needed to reduce the amount of
memory dedicated to data storage. The reduction of sample count should make
some memory available for storage of additional calculated data. Thus, storage
of calculated data is recommended to eliminate the need for recalculation.

1.2:4 Report Simplification

Restructuring of the output reports is recommended to reduce the
processing load associated with reporting. This restructuring would follow
the guidelines in Section 6.6 of this report and would include new features as
their need is identified.

The present understanding of requirements suggests that the reporting
load can be reduced to considerably less than half and that more useful
reports can be obtained, including, for example, an index of normalized propaga-
tion path curvature that would be of immediate benefit to an air crew receiving
the report.

Frvlos S Effectiveness Investigation

Although each of the recommendations for reducing processing load
will improve performance, some will be more effective than others. A pre-
liminary investigation is recommended to rank their effectiveness and establish

priorities for implementation.




4.3 OTHER RECOMMENDATIONS

Z2e3-1 Baroswitch Operations

If baroswitch pressure measurements are implemented in operational
soundings, some precautions are recommended. '"Make-detection" in preference
to "break-detection" is recommended in drop as well as balloon sounding, becausé
makes have been observed to be "cleaner" than breaks. The new linear type
of baroswitch is recommended in preference to the old type for more accurate
measurement by make-detection in dropsoundings and a new baseline procedure
is recommended to accommodate the change from break-detection to make-detection.

Also, if baroswitch measurements are implemented for dropsoundings,
a qualification program is recommended to assure that the baroswitch baseline
is being maintained through the shock and accelerations of handling and launch.
Finally, if baroswitch is implemented, inclusion of the redundancy eliminator
is rocommended to simplify calibration.

Za3.2 Humidity Measurements

If the new type humidity element in development is judged satisfactory
by preliminary tests, qualification testing is recommended to include evalua-
tion of accuracy, hysteresis effects, cycling effects, speed of response, and
adaptability to automatic humidity calculation.

a3 Wet Sensors Effects
Short tests in the laboratory for the purpose of establishing humidity

rate Timits have shown that humidity measurements are "super-humid" when the
element becomes wet. This can cause a cloud to appear thicker than it really
is. In addition, it is expected that temperature measurements will be Tow due
to evaporative cooling while the thermistor is cfrying. Temperature measure-
ments are also likely to have additional lag due to the thermal capacity of the
water on the thermistor.
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There is no known way of compensating for these wet sensor effects.
Design efforts to prevent or restrict wetting are recommended.

'

7.3.4 Deferred Reporting of Operational Soundings

In the case of the airborne processor, three or four soundings might
be obtained in the course of a mission. Each sounding's last report from the
processor, intended for surface-based analysis operations, is recommended for
retention in the processor's memory, to permit quick access to the data after
the mission and without requiring reprocessing.

1-3.5 Near-Surface Measurements

The near-surface portion of the atmospheric profiles is of vital
concern and js subject to misinterpretation if measured in a manner not
consistent with the rest of the profile. Study of near-surface measurement
techniques is recommended for both dropsoundings and balloonsoundings.

Splash detection would be a valuable aid in drop sounding analysis,
and near-surface (within roughly 10 feet) launch or simulated Taunch would be
a valuable aid in analyzing soundings by the minirefractionsonde.
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APPENDIX A
ANALYSIS EXAMPLE FOR BAROSWITCH DROPSONDE

The Baroswitch Dropsonde program on cassette V was operated on
23 September 1977, shortly after its completion, and its results were given
immediately to NADC for examination and evaluation. It was used to process
data from 1976 Test Drop No. 1 off the Atlantic City coast on 5 August 1976.
This appendix illustrates the Baroswitch Dropsonde data processing opera-
tions by presenting that drop's computer-generated displays and printouts
that are peculiar to Baroswitch Dropsonde.

The calibration and analysis displays are not shown here because
of their similarity to those obtained with the CAPS Dropsonde program
example illustrated in Appendix B. The only difference is the entry of
calibration data as directed in detail by the display.

The analysis portion of the processing is different from the
CAPS Dropsonde only when the pressure table is being buiit. Therefore,
that portion of the analysis is illustrated here. Figure A-1 shows the
display of baroswitch calibration data produced by the computer after being
directed by the operator to perform analysis in preference to calibration
and acquisition and after reading the calibration data from the cassette
file selected by the operator.

Figure A-2 shows the computer printout of the drop's pressure
table obtained by Took up of pressure values in the calibration table after
detection and identification of contact breaks. The tables' values are
composed of time tag in deciseconds in the integer portion of each value
and of pressure in dekabars in the decimal portion of each value.
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Figure A-2. Pressure Table for 1976 Drop No. 1

(deciseconds * dekabars)
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Figures A-3 and A-4 show the processing results as graphic pre-
sentations of altitude profiles for temperature and humidity and for
refractivity (N-units) and modified refractivity (M-units).
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